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Abstract— Hong-Ou-Mandel interferometers are valuable tools 
in many Quantum Information and Quantum Optics applications 
that require photon indistinguishability. The theoretical limit for 
the Hong-Ou-Mandel visibility is 0.5 for indistinguishable weak 
coherent photon states, but several device imperfections may 
hinder achieving this value experimentally. In this work, we 
examine the dependence of the interference visibility on various 
factors, including (i) detector side imperfections due to after-
pulses, (ii) mismatches in the intensities and states of polarization 
of the input signals, and (iii) the overall intensity of the input 
signals. We model all imperfections and show that theoretical 
modeling is in good agreement with experimental results.  
 
Index Terms—Quantum key distribution, interference, 
avalanche photodiodes, coherent state, visibility, Bell state. 
 
I. INTRODUCTION 
HE interference of two photons at a beam splitter was first 
examined by Hong, Ou, and Mandel [1] (HOM 
interference). As the input photons (Fig. 1) become increasingly 
indistinguishable in all degrees of freedom, the coincidence rate 
of the beam-splitter-output photons exhibits a characteristic dip, 
the depth of which depends on the degree of indistinguishability 
of the input photons [2]. Various applications have been 
proposed and demonstrated, utilizing the interference of single 
photons created through Spontaneous Parametric Down 
Conversion (SPDC), including clock synchronization [3], 
quantum teleportation [4], and quantum logic gates [5]. 
A convenient alternative to SPDC heralded photons is an 
input state consisting of weak coherent states [6], implemented 
as attenuated laser light. Studies have been conducted to 
examine the HOM visibility using coherent states, including the 
effect of the laser frequency chirp and time jitter [7], [8], the 
optical delay between the inputs and detection time differences 
[9], and frequency mismatch [10].  
Because HOM interference can be used for experimental Bell 
state analysis [11], [12], it lies at the heart of Measurement-
Device-Independent (MDI) Quantum Key Distribution (QKD) 
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HOM visibility. In particular, they considered possible 
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photon avalanche detectors. In this work, we provide 
experimental measurements and extend the work of [24] to 
include possible mismatches in the state of polarization of the 
inputs and examine the effect of the overall intensity of the 
inputs on the HOM visibility. We also discuss modeling of 
imperfections and show good agreement of experimental results 
with the theoretical modeling. 
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Fig. 1. Schematic of the experimental set-up. Two weak coherent 
pulses enter the a and b ports of the beam splitter (BS) and interfere. 
Each output port (c and d) is directed to a single-photon avalanche 
InGaAs detector (SPAD). 
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II. PARAMETRIZING THE HONG-OU-MANDEL INTERFERENCE 
VISIBILITY 
 
The set-up for our HOM interference measurements consists 
of two independent input laser pulses, interfering at a beam 
splitter (BS) and with each output directed to a single-photon 
avalanche detector (SPAD) (Fig. 1). 
We model the input to the beam-splitter state as two weak 
coherent states:   
 
† †ˆˆ2| 0| ||
a b
a b
in e e
 
  


       , (1) 
created by creation operators â† and b̂†, and of parameters α 
and β, respectively. The coherent-state parameters are 
complex and include a phase, and μa,b are the corresponding 
average photon numbers of the two beams (μa = |α|2 and μb = 
|β|2). In our experimental setup, the phases are randomized. 
Therefore, the initial state is 
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Nevertheless, we will continue to work with the state (1) and 
average over the phases at the end. To account for the action of 
the beam splitter, we introduce a pair of orthogonal directions, 
named horizontal and vertical, respectively, and express the 
polarization vectors of the incoming beams 𝜀?̂?,𝑏 in terms of unit 
vectors in the chosen directions, 𝜀?̂?,𝑉. The creation operators are 
similarly expressed as linear combinations: 
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The action of a beam splitter with reflectivity R=r2 and 
transmissivity T=t2, with R+T=1, is described by the unitary 
transformation: 
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where ci† and di† are the creation operators of the respective 
output beams, with i = H, V. The input state (1) transforms 
into the output state 
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Given this output state, the probability Pmn that m (n) photons 
emerge at output port c (d) is found to be (see Appendix for 
details) 
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where μc,d  are the corresponding mean photon numbers at the 
two output ports of the beam-splitter, 
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Notice that the mean photon numbers of the beams obey the 
conservation law  
 a b c d        (8) 
which is a consequence of the unitarity of the beam-splitter 
transformation (4), R+T = r2 + t2 =1. 
 
Our real detectors at the two beam-splitter ports have 
efficiencies ηc and ηd, and dark-count probabilities dc and dd, 
respectively. Therefore, the probability that the detectors click 
is given by 
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The total coincidence probability is given by 
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After averaging over the phases, we obtain the total coincidence 
probability corresponding to the state (2) (see Appendix for 
details) in terms of Bessel functions: 
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and Φ is a measure of the polarization mismatch between the 
two incoming beams defined by 
 .ˆ ˆco  s a b 
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The total probability that the detector at port c clicks, after 
averaging over phases, is also expressed similarly in terms of a 
Bessel function: 
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The total probability that the detector at port d clicks is found 
similarly: 
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Details can be found in Appendix. 
We define the Hong-Ou-Mandel visibility by 
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Using the explicit expressions (11), (14), and (15), we find that 
0 ≤ VHOM ≤ 0.5. We aim at maximizing the value of VHOM. 
III. EXPERIMENTAL SETUP 
Our experimental setup is shown on Fig. 2. Two independent 
continuous-wave (CW) lasers (Wavelength References) at 1550 
nm were employed to prepare weak coherent states. The 
frequency difference between the two lasers stayed below 10 
MHz without performing any feedback control. Note, in all 
experiments, the phase difference between the two lasers swept 
through a multi-2π range within the data acquisition time. This 
is equivalent to the phase averaging process assumed in the 
theoretical analysis. To generate laser pulses, two LiNbO3 
 3 
(EOSPACE) intensity modulators were used to modulate the 
outputs of the two lasers. The two intensity modulators were 
driven by the same digital delay generator (Stanford Research 
Systems) and their DC bias voltages were carefully adjusted to 
achieve high extinction ratios. The polarization state of each 
pulse can be changed with a homemade high-speed polarization 
modulator, which is driven by a Keysight Waveform Generator 
(WG). Details about the polarization modulator can be found in 
[16].  It is imperative that the WGs controlling the polarizations 
of Alice and Bob and the SRS share the same time base. The 
pulses enter an additional polarization controller where the state 
of polarization of each arm is fine-tuned, while the detection 
coincidences are monitored in real time, to achieve optimal 
HOM Visibility prior to data collection. The pulse is then 
digitally attenuated in order to reach the single-photon level. 
The pulses are lead to travel a free-space path before they 
interfere at the beam splitter and be read by single-photon 
avalanche detectors (SPAD). It should be noted that the free-
space path is not needed in this experiment, but was introduced 
because of our interest in building a free-space QKD system. In 
future work, we will discuss additional imperfections due to 
effects specific to free space, such as turbulence. 
The detectors are both IdQuantique 210 with one being an 
ultra-low noise model and operate in gated mode triggered by 
the SRS delay generator. Timestamps of the open gates and the 
detection events are recorded on a time-interval analyzer (TIA) 
with a resolution of 81 ps. The timestamps are finally analyzed 
to extract coinciding detection events and coinciding open 
gates. In our measurements the HOM probability is given by 
the ratio of the coincidence detection events over all the 
coinciding gates. 
 
Fig. 2. Schematic of our experimental setup. Components: CW 
laser source, Intensity Modulator (IM) driven by a delay 
generator(DG), Polarization Modulator (Pol-M) driven by a 
waveform generator (WG), Manual Polarization Controller 
(PC), Single-Photon Avalanche Detector (SPAD) triggered by 
the delay generator, Digital Attenuator (ATT), Free space path 
(FS), 50:50 Beam-Splitter (BS). 
IV. RESULTS 
Here we report on our experimental results. We examine how 
the HOM Visibility is affected by the after-pulse effect and by 
various imperfections in the source preparation.  
   
A. HOM Visibility and Detector Imperfections 
We consider the effect on HOM visibility due to detector 
imperfections. Ref. [24] highlights the after-pulse effect as a 
significant source of error in an experimental implementation 
of the HOM interference. The authors of [24] employed a non-
Markovian model and showed that the coincidence probability, 
after considering the after-pulse effect, can be written as: 
𝑃(𝑐𝑜𝑖𝑛;𝑎𝑓𝑡) = 𝑃(𝑐𝑜𝑖𝑛) + [𝑃(𝑐) − 𝑃(𝑐𝑜𝑖𝑛)]𝑃(𝑑)𝑃𝑑
(𝑡𝑜𝑡𝑎𝑙;𝑎𝑓𝑡) +
                                   [𝑃(𝑑) − 𝑃(𝑐𝑜𝑖𝑛)]𝑃(𝑐)𝑃𝑐
(𝑡𝑜𝑡𝑎𝑙;𝑎𝑓𝑡)
      (17) 
where P(coin) is the coincidence probability given by (11), and 
P(c), P(d) are the detection probabilities for the detectors at ports 
c and d, respectively, given by (14) and (15). In (17), Pc(total;aft) 
and Pd(total;aft), describe the total after-pulse probability for each 
detector. We assume that the after-pulse probability decays with 
time as a simple exponential P(t) = P0 ·e-t/τ, with P0 the initial 
after-pulse probability and τ the characteristic decay time. In 
gated mode the total after-pulse probability, receives 
contributions only when the gate is open: 
𝑃(𝑡𝑜𝑡𝑎𝑙;𝑎𝑓𝑡) = 𝑃(𝑇𝑑𝑡) + 𝑃(𝑇𝑑𝑡+𝑇𝑔𝑎𝑡) + ⋯ = 𝑃0
𝑒−𝑇𝑑𝑡/𝜏
1−𝑒
−𝑇𝑔𝑎𝑡/𝜏
       (18) 
with Tdt the detector dead time and Tgat the gating period. 
Probabilities P(c) and P(d) of (14) and (15) are similarly 
modified as,  
 
𝑃(𝑐,𝑎𝑓𝑡) = 𝑃(𝑐) [1 + (1 − 𝑃(𝑐))𝑃𝑐
(𝑡𝑜𝑡𝑎𝑙;𝑎𝑓𝑡)]        (19) 
𝑃(𝑑,𝑎𝑓𝑡) = 𝑃(𝑑) [1 + (1 − 𝑃(𝑑))𝑃𝑑
(𝑡𝑜𝑡𝑎𝑙;𝑎𝑓𝑡)]       (20) 
 
With (18) we can relate the HOM visibility with the dead 
time settings on our detectors. First, we need to determine the 
parameters 𝑃0 and 𝜏 experimentally. We follow the procedure 
described in [27] and collect histograms of detection events 
binned into time intervals between successive detection events. 
By fitting the logarithm of the frequencies with equation (6) in 
[27] we extract the parameters 𝑃0 and 𝜏.  
For our first run the gating and pulse frequency was set to 
2MHz. The detection histograms presented in Fig. 3 gave the 
values P C 0 =0.018 and τC =0.85µs for detector C, and P D 0 = 
0.033 and τD = 1.41 µs for detector D. 
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Fig. 3. Histograms of the detection probabilities binned in the 
time intervals for successive detections. By fitting the data, we 
acquire the desired P0 and τ for each detector. 
 A measurement of the HOM Visibility was then performed. 
The pulse width was set to 2 ns and the gate width at nominal 
width of 7 ns. Each of these widths can be changed by about 
10% without appreciable change in the reported results. The 
dark counts were recorded for the two detectors at 10-4 and 
4×10-5 per gate, respectively while the dead time was set to 0.1 
µs. Increasing the dead time further decreased the dark counts. 
In Fig. 4, the measurement results are presented in comparison 
to our model showing good agreement. 
 
 
Fig. 4. HOM visibility vs. applied dead time at 2-MHz gate and 
pulse frequency. 
 
 
 
For our second trial we used a gating and pulse frequency of 6 
MHz, the photon number was fixed at 0.15 for both input arms. 
The gate width was set at nominal value of 7 ns and pulse width 
at 2 ns.  
  
Fig. 5.  HOM vs. dead-time data plotted with the theoretical 
curve (calculated from (17), (19), (20)). The pulse and 
triggering frequency was 6 MHz with a mean photon number 
of 0.15. Gate width was 7 ns, pulse width 2 ns.  
B. Source Effects on HOM Visibility 
By lowering the total input intensity, the HOM visibility is 
improved. However, reaching very low intensities may render 
the experiment vulnerable to dark counts, and increases the 
required time to perform a measurement. This in turn renders 
the experiment vulnerable to various drifts (e.g., the drift in the 
state of polarization, or in the DC offset of the modulators). 
We examined the effect of the overall input intensity on the 
HOM visibility. Setting the intensities of the input beams equal, 
μa = μb = μ in (11), (14), and (15), we studied the dependence 
of the HOM visibility on the average input photon number μ. 
Theoretically, the HOM visibility approaches the limit value 0 
at large input intensities, whereas it approaches the maximum 
value 0.5 at weak intensities. 
In our measurements, we used 2-ns width pulses. Our 
detectors were running in external gating mode at 1-MHz 
trigger frequency with an effective gate width of approximately 
3 ns (nominal gate width set to 7 ns) and 10% efficiency. The 
dark counts of the two detectors were recorded approximately 
as 2.5×10-5 and 1.5×10-5 per gate, respectively. The dead time 
on the detectors was set to 7 μs (a longer dead time does not 
change the results appreciably). To make sure that the beam-
splitter inputs were equal, the free-space path of one arm was 
blocked, and the intensity of the unblocked armed was digitally 
attenuated until the detection rate reached the desired value. 
The average photon-number input to the beam splitter is related 
to the observed detection rate by 
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where η is the detector efficiency, Rdet is the detector rate of 
each unblocked input, Tdt is the dead time, and Tgat is the 
gating period. The factor of 2 in (21) accommodates the 
intensity splitting at the 50:50 beam splitter.   
In Fig. (6), the measurement results of the HOM visibility as 
a function of the input photon number are presented and 
 
 5 
compared with the theoretical model (calculated using (11), 
(14), and (15)), showing good agreement between theory and 
experiment. 
Next, we consider the effect of imperfections in input state 
preparation on the HOM visibility. 
In a realistic experimental setup, two independent laser 
beams are independently attenuated. In practice, perfect 
intensity balance may be not possible. Using (11), (14), and 
(15), we can model the HOM visibility theoretically as a 
function of the ratio of the input photon numbers μa / μb. 
  For our measurements, the dead time for each detector was 
set to 7 μs with efficiency 10%. Each free-space arm was 
blocked for either Alice/Bob between data points to record 
detector count-rates.  The count rates were controlled via digital 
attenuation and set to desired values to within 2%. From the 
detector count-rates and using formula (21), the photon number 
can be extracted for each count-rate. In this measurement the 
photon number for the input arm at port 𝛼  was fixed at μa = 
0.47, while varying the attenuation on the input at port b  
digitally. We sent weak coherent pulses at 1 MHz with pulse 
widths of 2 ns through the beam splitter and to our detectors. 
Each detector's gate width was approximately 7 ns to mitigate 
the detection of background source photons outside the 
intended pulse width. In Fig. 7, the measurement results of the 
HOM visibility as a function of the ratio of input photon 
numbers are plotted with the theoretical model (using (11), (14), 
and (15)), showing good agreement. 
Next, we consider the effect of the polarization misalignment 
of the incoming beams on the HOM visibility. Equations (11), 
(14), and (15) show the dependence of the HOM visibility on 
the polarization misalignment Φ in (13). Assuming that the 
bases of the two inputs are perfectly aligned, we can write the 
polarization vectors  𝜀?̂? and 𝜀?̂? in terms of the transverse-
electric (TE) and transverse-magnetic (TM) modes of the phase 
modulator's waveguide as: 
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where ϕM =(Vg/Vπ)·π is the modulation phase caused by the 
driving generator, Vg is the voltage applied by the generator, 
and Vπ is the constant voltage that causes a π phase shift. Using 
a manual polarization controller, we carefully arrange the input 
to the waveguide to be at 45⁰ with respect to the waveguide's 
axis, so that cos𝜙𝑎  =  cos𝜙𝑏 =  1/√2. The polarization 
misalignment angle Φ in (13) can then be related to the applied 
voltage as: 
 ˆ ˆcos cos .
2
g
a b
V
V

        (23) 
For our measurements, we controlled the state of polarization 
using the Polarization Modulation setup described in [28]. We 
used a Keysight waveform generator to drive an EOSpace 
Phase Modulator. The Vπ voltage of the phase modulator was 
determined to be 5.25 V.  Pulses of width 2 ns and average 
photon number μ = 0.45±0.05 interfered at a 50:50 beam 
splitter. The outputs were directed to two SPADs operated at 
free-gated mode at 10% efficiency with gate period 1 μs, dead 
time set at 7 μs, and nominal gate width of 7 ns. The dark counts 
were recorded for the two detectors, approximately 5.5×10-5 
and 2.0×10-5 per gate, respectively. The coincidence window 
was set at 5 ns. 
Fig. 8 depicts the measured HOM visibility as a function of 
the polarization angle mismatch. Pulses of width 2 ns and 
frequency 1 MHz interfered at a 50:50 beam splitter. The 
relative polarization angle was modulated by a phase modulator 
with Vπ = 5.25 V. SPADs of 10% efficiency and 7-μs dead time, 
7-ns gate width operated at 1-MHz frequency. Experimental 
data were compared with the theoretical curve (calculated using 
(11), (14), and (15)) and good agreement was obtained. 
 
 
Fig. 6.  HOM visibility vs effective photon number (ηµ) in each input 
state with the two inputs kept at equal intensities. Pulses of 2-ns 
width interfere at the 50:50 beam-splitter. Outputs were directed to 
the two SPADs externally triggered at 1 MHz with a 7-μs dead time. 
Theoretical curve is calculated using (11), (14), and (15). 
 
Fig. 7.  HOM visibility vs. photon number ratio of inputs a and b. The 
photon number for a was fixed at 0.47 while the photon number for 
input b was varied via digital attenuation. Each detector’s gating 
window was 7 ns. Theoretical curve calculated using (11), (14), and 
(15). 
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Fig. 8.  HOM visibility vs. relative polarization angle. Pulses of width 
2 ns and frequency 1 MHz interfere at the 50:50 beam splitter. 
Relative polarization angle is modulated with a phase modulator 
having Vπ = 5.25 V. A dead time of 7 μs was used with a 7-ns gating 
window triggered at 1 MHz.  Theoretical curve calculated using (11), 
(14), and (15). 
V. CONCLUSION 
In this work, we parametrized the Hong-Ou-Mandel 
interference visibility in terms of realistic imperfections that 
may appear in experimental implementations using weak 
coherent states. We examined the effect of mismatches in the 
state of polarization and intensities of the inputs. We also 
considered imperfections on the detector side resulting from the 
detector's after pulses as well as the effect of the overall 
intensity of otherwise perfect sources. We conducted 
measurements that resulted in experimental data that agreed 
very well with our theoretical models. 
In conclusion, good Hong-Ou-Mandel interference visibility 
is attainable using standard commercially available optical 
components and single-photon detectors. We conclude that the 
after-pulse effect can be effectively mitigated by applying a 
dead time  6 − 8 𝜇𝑠 , when the detectors are triggered at a few-
MHz frequencies. Realistic intensity imbalances were less than 
10% and they have minimal impact on the measured HOM 
visibility. For example, the HOM visibility is expected to be 
0.489 for 𝜇𝑎 = 𝜇𝑏 = 0.45. A realistic imbalance  𝜇𝑎 = 0.45  
and 𝜇𝑏 = 0.50 would decrease the visibility to just 0.487.  
Some extra care should be taken when adjusting the state of 
polarization for the two arms. Assuming 𝜇𝑎 = 𝜇𝑏 = 0.45, 
while a 0° misalignment gives a visibility of 0.489, a 6° 
misalignment gives a visibility of 0.483. Given that manual 
polarization controllers can achieve typical extinction ratios 
20 − 30 dB [29], a misalignment of that order should be 
expected. We identify the state of polarization misalignment as 
the major source of error in the measurements we present in this 
work. We finally discussed how the HOM visibility is affected 
by the overall input intensity aiming to achieve efficient 
intensities for practical measurements while remaining in the 
quantum regime.  
APPENDIX 
 
Here we provide details of the theoretical model for the HOM 
visibility. We assume that the two detectors have efficiencies 
ηc,d  and dark count probabilities dc,d , respectively, and are blind 
to the photon number, i.e., a single-photon event cannot be 
distinguished from a multi-photon event. 
Let Pmn(out) be the probability that m (n) photons arrive at the 
detector at port c (d). 
Since the ports c and d are separate, the output state (5) can 
be factorized into coherent states: 
 | | | | | ,out H V H V            (A1) 
where the coherent states with parameter γi (δi) are in output 
port c (d), i=H,V, and   
 ˆ ˆ ˆ ˆ ˆ ˆ( ) , ( .)i a b i i a b it r r t                   (A2) 
Therefore, we can write the probability Pmn(out) as a product: 
 ( ) ( , ) ( , ) ,out out c out dmn m nP P P   (A3) 
where 
 ( , ) , 
H V
H V
out c
m m m
m m m
P P P
 
     
 ( , ) . 
H V
H V
out d
m n n
n n n
P P P
 
    (A4) 
The probabilities on the right-hand side are easily deduced from 
the corresponding coherent states. We obtain 
 
2 2
2 2
| | | || | | |
, .
! !
i i
i i
i i
m n
i i
m n
i i
P e P e
m n
       (A5)
  
Using the binomial theorem, we deduce 
 ( , ) ( , ), ,
! !
c d
m n
out c out dc d
m nP e P e
m n
       (A6) 
and therefore 
 ( ) ,
! !
c d
m n
out c d
mnP e
m n
       (A7) 
where 
2 2
,
2 2 2 2
0
2 2
,
2 2 2 2
0
ˆ ˆ| | | |
| | | | 2 | | cos cos( ),
ˆ ˆ| | | |
| | | | 2 | | cos cos( ).
c i a b
i H V
a b
d i a b
i H V
a b
t r
t r tr
r t
r t tr
     
     
     
     


  
     
  
     


  (A8) 
Notice that ϕo is an irrelevant phase, because we average over 
the phases. 
The probability of detection if m(n) photons reach detector c 
(d) is 1 - (1 - ηc)m(1 - dc)(1 - (1 - ηc)n(1 - dd)). Therefore, the 
probability of detection given m (n) photons coming out of 
beam splitter port c (d) is 
 
( )
1 (1 ) (1 )
1 ( .1 ) (1 )
m
mn c c
n out
d d mn
P d
d P


    
 
    
 
  (A9) 
The total coincidence probability is  
   ( )
, 0
1 (1 ) 1 (1 )c c d dcoin mn c d
m n
P P e d e d
   

 

        (A10) 
showing that the effective average photon number is the 
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average photon number of the output beam that reaches the 
detector multiplied by the detector efficiency. 
After averaging over the phases θa,b, we obtain an expression 
in terms of Bessel functions, 
 
2 2
( ) ( )
0 0
0
0
0
2 2
1 (2 cos )
(2 cos )
(2( ) cos ),
coin coina b
c a b
d a b
c d a b
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P P
I tr
I tr
I tr
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 
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   

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where 
 
2 2
2 2
( )
( )
(1 ) ,
(1 ) .
c a b
d a b
t r
c
r t
d
e d
e d
  
  
 
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 
 
  (A12) 
For the HOM visibility, we also need to calculate the 
probabilities for one of the two detectors to click. The 
probability for detector at port c to click, after averaging over 
phases, is 
 
( )
01 (2 cos ).
c
c a bP I tr       (A13) 
Similarly, for the other detector, we obtain 
 
( )
01 (2 cos ).
d
d a bP I tr       (A14) 
We define the HOM visibility by 
 
( )
( ) ( )
1 .
coin
HOM c d
P
V
P P
    (A15) 
Notice that VHOM = 0, for Φ=π/2 (orthogonal polarizations). 
In the limit α, β  0 (small average photon number), and in 
the ideal case of no dark counts (dc = dd = 0), the HOM visibility 
is approximately 
 
22 cos
.
( )( )
a b
HOM
a b a b
tr
V
t r r t
 
   


 
  (A16) 
Its maximum value of tr is attained for Φ=0, and μb /μa = t/r. 
For a 50:50 beam splitter, it reduces to 
 
2
2
2 cos
,
( )
a b
HOM
a b
V
 
 



  (A17) 
which vanishes for Φ = π/2 (orthogonal polarizations), and for 
Φ = 0 (parallel polarizations), it has maximum 1/2 at μa= μb. 
ACKNOWLEDGMENT 
We thank Daniel Gauthier for useful comments. 
 
REFERENCES 
 
[1] C. K. Hong, Z. Y. Ou, and L. Mandel, "Measurement of 
subpicosecond time intervals between two photons by 
interference," Phys. Rev. Lett. vol. 59, pp. 2044-2046, 
Nov. 1987, 10.1103/PhysRevLett.59.2044. 
[2] A. M. Branczyk, “Hong-Ou-Mandel Interference”, ArXiv 
e- prints, Oct. 2017 1711.00080. 
[3] V. Giovannetti, S. Lloyd, L. Maccone, and F. N. C. Wong, 
"Clock Synchronization with Dispersion Cancellation," 
Phys. Rev. Lett. vol. 87, pp. 117902, Aug. 2001, 
10.1103/PhysRevLett.87.117902. 
[4] D. Bouwmeester, J.-W. Pan, K. Mattle, M. Eibl, H. 
Weinfurter, and A. Zeilinger, “Experimental quantum 
teleportation", Nature vol. 390, pp 575 EP, Dec. 1997, 
Article. 
[5] A. S. Clark, J. Fulconis, J. G. Rarity, W. J. Wadsworth, 
and J. L. O'Brien, "All-optical-fiber polarization-based 
quantum logic gate," Phys. Rev. A vol. 79, pp. 030303, 
Mar. 2009, 10.1103/PhysRevA.79.030303. 
[6] J. G. Rarity, P. R. Tapster, and R. Loudon, "Non-classical 
interference between independent sources," Journal of 
Optics B: Quantum and Semiclassical Optics vol. 7, no. 7, 
pp. S171, 2005. 
[7] Z. L. Yuan, M. Lucamarini, J. F. Dynes, B. Fröhlich, M. B. 
Ward, and A. J. Shields, "Interference of Short Optical 
Pulses from Independent Gain-Switched Laser Diodes for 
Quantum Secure Communications," Phys. Rev. Applied 
vol. 2, pp. 064006, Dec. 2014, 
10.1103/PhysRevApplied.2.064006.  
[8] L. C. Comandar, M. Lucamarini, B. Fröhlich, J. F. Dynes, 
Z. L. Yuan, and A. J. Shields, "Near perfect mode overlap 
between independently seeded, gain-switched lasers," Opt. 
Express vol. 24, no. 16, pp. 17849-17859, Aug. 2016, 
10.1364/OE.24.017849. 
[9] Y.-S. Kim, O. Slattery, P. S. Kuo, and X. Tang, "Two-
photon interference with continuous-wave multi-mode 
coherent light," Opt. Express vol. 22, no. 3, pp. 3611-3620, 
Feb. 2014, 10.1364/OE.22.003611. 
[10] T. F. da Silva, G. C. do Amaral, D. Vitoreti, G. P. T. ao, 
and J. P. von der Weid, "Spectral characterization of weak 
coherent state sources based on two-photon interference," 
J. Opt. Soc. Am. B vol. 32, no. 4, pp. 545-549, Apr. 2015, 
10.1364/JOSAB.32.000545. 
[11] H. Weinfurter, "Experimental Bell-State Analysis," EPL 
(Europhysics Letters) vol. 25, no. 8, pp. 559, 1994. 
[12] M. Michler, K. Mattle, H. Weinfurter, and A. Zeilinger, 
"Interferometric Bell-state analysis," Phys. Rev. A vol. 53, 
pp. R1209-R1212, Mar. 1996, 
10.1103/PhysRevA.53.R1209. 
[13] H.-K. Lo, M. Curty, and B. Qi, "Measurement-Device-
Independent Quantum Key Distribution," Phys. Rev. Lett. 
vol. 108, pp. 130503, Mar. 2012, 
10.1103/PhysRevLett.108.130503. 
[14] A. Rubenok, J. A. Slater, P. Chan, I. Lucio-Martinez, and 
W. Tittel, "Real-World Two-Photon Interference and 
Proof-of-Principle Quantum Key Distribution Immune to 
Detector Attacks," Phys. Rev. Lett. vol. 111, pp. 130501, 
Sep. 2013, 10.1103/PhysRevLett.111.130501. 
[15] Y. Liu, T.-Y. Chen, L.-J. Wang, H. Liang, G.-L. Shentu, 
J. Wang, K. Cui, H.-L. Yin, N.-L. Liu, L. Li, X. Ma, J. S. 
Pelc, M. M. Fejer, C.-Z. Peng, Q. Zhang, and J.-W. Pan, 
"Experimental Measurement-Device-Independent 
Quantum Key Distribution," Phys. Rev. Lett. vol. 111, pp. 
130502, Sep. 2013, 10.1103/PhysRevLett.111.130502. 
[16] Z. Tang, Z. Liao, F. Xu, B. Qi, L. Qian, and H.-K. Lo, 
"Experimental Demonstration of Polarization Encoding 
Measurement-Device-Independent Quantum Key 
Distribution," Phys. Rev. Lett. vol. 112, pp. 190503, May. 
2014, 10.1103/PhysRevLett.112.190503. 
 8 
[17] Y.-L. Tang, H.-L. Yin, Q. Zhao, H. Liu, X.-X. Sun, M.-
Q. Huang, W.-J. Zhang, S.-J. Chen, L. Zhang, L.-X. You, 
Z. Wang, Y. Liu, C.-Y. Lu, X. Jiang, X. Ma, Q. Zhang, T.-
Y. Chen, and J.-W. Pan, "Measurement-Device-
Independent Quantum Key Distribution over Untrustful 
Metropolitan Network," Phys. Rev. X vol. 6, pp. 011024, 
Mar. 2016, 10.1103/PhysRevX.6.011024. 
[18] Z. Tang, K. Wei, O. Bedroya, L. Qian, and H.-K. Lo, 
"Experimental measurement-device-independent quantum 
key distribution with imperfect sources," Phys. Rev. A vol. 
93, pp. 042308, Apr. 2016, 10.1103/PhysRevA.93.042308. 
[19] L. C. Comandar, M. Lucamarini, B. Fröhlich, J. F. Dynes, 
A. W. Sharpe, S. W.-B. Tam, Z. L. Yuan, R. V. Penty, and 
A. J. Shields, "Quantum key distribution without detector 
vulnerabilities using optically seeded lasers," Nature 
Photonics vol. 10, pp. 312 EP -, Apr. 2016. 
[20] T. Ferreira da Silva, D. Vitoreti, G. B. Xavier, G. C. do 
Amaral, G. P. Temporao, and J. P. von der Weid, "Proof-
of-principle demonstration of measurement-device-
independent quantum key distribution using polarization 
qubits," Phys. Rev. A vol. 88, pp. 052303, Nov. 2013, 
10.1103/PhysRevA.88.052303. 
[21] W.-Y. Hwang, "Quantum Key Distribution with High 
Loss: Toward Global Secure Communication," Phys. Rev. 
Lett. vol. 91, pp. 057901, Aug. 2003, 
10.1103/PhysRevLett.91.057901. 
[22] H.-K. Lo, X. Ma, and K. Chen, "Decoy State Quantum 
Key Distribution," Phys. Rev. Lett. vol. 94, pp. 230504, 
Jun. 2005, 10.1103/PhysRevLett.94.230504. 
[23] X. Ma, B. Qi, Y. Zhao, and H.-K. Lo, “Practical decoy 
state for quantum key distribution," Phys. Rev. A vol. 72, 
pp. 012326, Jul. 2005, 10.1103/PhysRevA.72.012326. 
[24] C. Wang, F. X. Wang, H. Chen, S. Wang, W. Chen, Z. Q. 
Yin, D. Y. He, G. C. Guo, and Z. F. Han, "Realistic Device 
Imperfections Affect the Performance of Hong-Ou-Mandel 
Interference with Weak Coherent States," Journal of 
Lightwave Technology vol. 35, no. 23, pp. 4996-5002, 
Dec. 2017, 10.1109/JLT.2017.2764140. 
[25] R. H. Hadfield, "Single-photon detectors for optical 
quantum information applications," Nat Photon vol. 3, no. 
12, pp. 696-705, Dec. 2009, 10.1038/nphoton.2009.230. 
[26] G. Humer, M. Peev, C. Schae_, S. Ramelow, M. Stipevi, 
and R. Ursin, “A simple and robust method for estimating 
afterpulsing in single photon detectors", Journal of 
Lightwave Technology vol. 33, pp. 3098-3107, Jul. 2015. 
[27] T. F. da Silva, G. B. Xavier, and J. P. von der Weid, 
“Real-time characterization of gated-mode single-photon 
detectors", IEEE Journal of Quantum Electronics vol. 47, 
pp. 1251-1256, Sep. 2011.  
[28]  I. Lucio-Martinez, P. Chan, X. Mo, S. Hosier, and W. 
Tittel, "Proof-of-concept of real-world quantum key 
distribution with quantum frames," New Journal of Physics 
vol. 11, no. 9, pp. 095001, 2009. 
[29] 
https://www.thorlabs.com/images/TabImages/Fiber_
Polarization_Controller_Lab_Facts.pdf 
 
 
